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Abstract

Abstract
This research is a practical investigation into how education providers can effectively
exploit Web Services. The aim is to help IT managers, administrators and developers
who are involved in the provision of education to understand the requirements of web
services, and to tap their full potential. Such a goal was achieved by analysing
answers to the following questions:
1.

Are Web Services expected to become a crucial part of the IT
infrastructure for education providers?

2.

How can education providers effectively exploit Web Services in
practice?

Like it or not, it is an indisputable fact that today’s education is becoming a profitable
industry. Like an enterprise in any other industry, an education provider also faces
many challenges. These challenges derive from keeping competitive advantage and
satisfying rapidly growing customer demands within a limited budget. Those
challenges are typically reflected in the IT (information technology) expenditure of
education providers. Advanced e-business strategies require education providers to
build an integrated and flexible IT infrastructure. However, education providers often
face a heterogeneous computing environment that significantly lacks both
interoperability and flexibility. The traditional method of integrating such a
heterogeneous computing environment is very expensive, and often, prior investment
is lost. Web Services can provide a cost-effective approach to solve many problems of
interoperability, as well as providing flexibility for IT infrastructure. Though
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implementing a kind of loosely coupled integration, Web Services can integrate
modern technology with legacy system (eg: the Web with mainframe application), and
heterogeneous systems running on different operating system (eg: Windows and
UNIX)， or written in different programming languages (eg: C++ and Java). In the
long run, Web Services will become the basis for a seamless and nearly
fully-automated IT infrastructure for conducting e-business. The following
investigation into Web Services applications for education providers reveals how Web
Services can be used as an important part of the IT infrastructure for education
providers. This part of the investigation covers four scenarios, including modernizing
legacy applications, a campus portal, a Web Services-enabled learning resource
repository, and a Grid Service. It examines how Web Services can be used in these
scenarios and what they contribute. It is found that Web services always play a role of
middle tier that glues heterogenous systems together. One major attraction of Web
Services is that they are easy to learn and use. They are developed on the base of
existing technology. Nevertheless, an effective exploitation of the potential of Web
Services requires an appropriate effort towards the proper design of business
processes and service architectures. Patterns for E-business by IBM is used as the
template for proper design of business process and service architecture. Those
patterns can help one to rapidly design a service architecture, and apply this to Web
Services. An implementation-oriented demonstration is developed to illustrate how to
use e-business patterns to design the service architecture for an e-business solution,
finally applying it to Web Services.
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Introduction

Chapter 1 Introduction
1.1 Background and rationale
Web Services are at the core of what is being termed the next generation of e-business.
IT giants such as Microsoft, IBM, and Sun have proposed their Web Services
frameworks, namely .Net, E-business on demand, and Open Net Environment,
respectively. A survey conducted by The Business Integrator Journal in 2001
suggested that 65% of Information Technology (IT) managers regarded the use of
Web Services as being strategically important to IT [1]. Web Services have become so
important in e-commerce that some even say that “No matter what your application
does, if you have three vendors out there, all of whom have support for Web services,
and you don't, you lose.” [2]

There is a school of thought that Web Services will become not only an integral, but
also a mission-critical part of every enterprise’s IT infrastructure as well as that of the
education provider.

[3]

The Fourth Annual EDUCAUSE Survey found that Web

Services/Web-based Systems had made it onto the top-ten list of issues of strategic
importance as well as the list of heavy IT-related spending on campus – and were
likely to become more significant. [4]

Although Web Services have been one of most popular technologies in recent years,
they have also been one of the most misunderstood, especially since there is little
research concerning Web Services from the perspective of education providers at the
business level. Most of the current research focuses on what Web Services can do
6

Introduction

rather than on the reasons businesses need Web Services and what Web Services
mean for business. There is still no coherent picture of what Web Services are, what
they contribute to education providers, where they will be applied and how. Will Web
Services just be hype like dot com, or a real force that may revolutionize the way
e-business is conducted? In order to clarify these issues, research into the rationale
that makes Web Services so important, as well as an analysis of how to effectively
exploit Web Services, is needed. This research fills that gap, and in doing so provides
a detailed analysis of what Web Services means for education providers and how to
effectively exploit Web Services.

1.2 Statement of aims
This research is a practical investigation into how education providers can effectively
exploit Web Services. This research tries to investigate the potential of Web Services
from the perspective of education providers. In addition, this research tries to establish
some best practices for applying Web Services in the education area. Specifically, this
investigation attempts to answer the following questions:
1. Are Web Services expected to become an important part of the IT
infrastructure for education providers?
2. How can education providers effectively exploit Web Services in practice?

1.3 Research process
This research comprises literature reviews, case studies, and a practical
scenario-based illustration. This research is undertaken according to the following
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model:
A.

Finding e-business and technical drivers behind the current rush of Web

Services. These drivers determine that Web Services will become an important
part of IT infrastructure for education providers.
B.

Investigating how Web Services can be applied in the short and long term in

the education area, revealing how education providers can exploit Web Services in
practice.
C.

Developing an implementation-oriented demonstration. The demonstration

makes use of Patterns for E-business as the approach to designing business
process and service architecture. It provides some best practices and illustrates
real world possibilities of applying Web Services in the education area.

1.4 Outline of thesis
Chapter 1 is the introduction. Chapter 2 explains the methodology used in this thesis.
Chapter 3 analyses Web Services requirements from the perspective of e-business.
Today’s integrated and responsive e-business requires an integrated and flexible IT
infrastructure, causing concern for interoperability and flexibility of information
systems. However, flaws of current integration models such as the strong
inter-dependence of software components, the rigid limitations software vendors set
on their operation platforms, and the lack of open standards reduce the flexibility and
interoperability of IT infrastructure. Web Services can redress these flaws by offering
an open-standard based and loosely coupled integration. It is this capability that
makes Web Services such an important part of IT infrastructure.
8
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Chapter 4 focuses on current usage of Web Services in the education area. It reveals
what and how Web Services can contribute to an education provider’s IT
infrastructure. This chapter investigates three e-business scenarios, including
modernising legacy systems, a campus portal, and a Web Services-enabled learning
objects repository.

Chapter 5 provides a brief review of Service-Oriented Infrastructure and its enabling
technology – Open Grid Services Architecture. The purpose of this chapter is to
provide a technology vision for Web Services. Chapters 4 and 5 work together to draw
a full picture of how Web Services will become an important part of IT infrastructure
in the short and long term.

Chapter 6 provides a practical demonstration. It introduces an effective approach for
designing business process and service architecture --Patterns for E-business,
developed by IBM -- and explores the possibilities of applying Web Services in the
real world. After discussing the relationship between Web Services and Patterns for
E-business, the rest of this chapter illustrates the process of how to use Patterns for
E-business to design a Web Service application step by step.

The last part is the overall conclusion. It concludes that Web Services will become an
important part of IT infrastructure for education providers because of their need to
improve the interoperability and flexibility of their information systems. Web Services
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can be used as the glue between heterogeneous systems currently. In future, Web
Services will make Services-Oriented infrastructure a reality. Whether in the short or
long term, Web Services will become more and more important for enterprise IT
infrastructure.
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Chapter 2 Methodology
A hybrid approach was used in this research. This approach consisted of case studies
of practical implementation and scenario-based demonstration. These methods will be
described in the following sections.

2.1 Case studies of practical implementation
The objective of this research is to determine the impact of Web Services technologies
on the IT infrastructure of education providers. It doesn’t focus on this technology
itself but what the technology can bring for us. There is no usage of laboratory
experiments, formal methods (e.g. econometrics) or numerical methods such as
mathematical modeling in this research. However, some cases studies of practical
implementation are used to investigate what Web Services can offer for education
provider’s IT infrastructure.

Case study research is the most common qualitative method used in information
systems. [5], [6] Case study research “Investigates a contemporary phenomenon within
its real-life context, especially when the boundaries between phenomenon and context
are not clearly evident.”[7] Clearly, the case study research method is particularly well
suited here, since the object of this research is the study of Web Services in
organizations, and “interest has shifted to organizational rather than technical
issues”.[8]

Three case studies are used in this research. Each represents an important area where
11
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education providers use Web Services. The primary reason for using Web Services is
to simplify the interaction between heterogeneous systems. Thus, three areas in which
interaction difficulties can often be found are selected as case studies. Those areas
include connecting legacy systems with modern systems, creating a unified digital
campus, and sharing a learning resource. They are regarded as very important IT
challenges for 21st century education providers. These areas cover most standard
applications of Web Services in the education field.

Case study one is about how to use Web Services to connect legacy systems with
modern systems (e.g.: internet and Web systems). The education provider’s IT
infrastructure was built incrementally and old systems continue to be used with new
systems. These old systems generally are referred to as “Legacy systems.” Today, how
to save the old investment and make those old systems available for modern systems
is a common challenge for many education providers. Case study one investigates
conventional approaches and explains how to use Web Services to easily
trouble-shoot this problem. Web Services can be used to wrap legacy systems to hide
their incompatible features and provide a standard and compatible interface for other
systems.

The second case study focuses on a campus portal. It addresses the requirements of
making a unified digital campus by using a campus portal to integrate pieces of IT
systems around the campus together. This case study introduces IBM’s new portal
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technology that adopts Web Services. With the new technology, developers and
administrators can easily create portals, add functions to a portal, as well as modify
and change components.

E-learning is considered as the killer application of the Internet. Thus the learning
object repository was selected as the last case study of this research. The learning
object repository is an online database of learning objects (e.g. text, video or other
multimedia learning sources). It can be accessed by other learning applications so that
learning objects can be shared online. Case study three involves a learning object
repository to provide a standard Web Services interface for client learning
applications, which allows them to retrieve, download, upload and modify learning
objects transparently, regardless of differences in operating system and/or
programming language.

2.2 Scenario-based demonstration
In addition to the three case studies outlined above, this research designs a
scenario-based demonstration to present a practical Web Services application. The
objective of this demonstration is not to explain how to code a Web Services
application. Rather, it is used to illustrate the concept of Web Services and to convince
people that Web Services could be applied in the real world.

The scenario designed in the demonstration simulates a job agency’s process of
information collection. In order to obtain accurate and updated information, the job
13
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agency needs to fetch data directly from universities, colleges or institutions. However,
the job agency faces the challenge of how to obtain data with different data formats,
access interfaces and communication protocols. The job agency has to develop a
unique and un-reusable connection for each data source. Web Services will change
this situation. The data exchange will become straightforward if all data sources adopt
Web Services as their access interface. The job agency won’t need to develop multiple
connections any longer.

There are four parties involved in the demonstration: a job agent, a data agent and two
data sources, one representing a university, the other a college. The data sources
implement Web Services to provide data to the data agent, and the data agent
implements Web Services to provide data to the job agent. Via Web Services, it is not
necessary to develop an appropriate connection for each data exchange.

To effectively exploit the potential of Web Services requires appropriate effort in the
proper design of business processes and service architectures. The demonstration
introduces patterns for e-business that are abstracted by IBM as the approach to
design business processes and service architecture. Those patterns will help the
developer to analyze complex business problems and break them down into smaller,
more manageable functions that can then be implemented. The demonstration uses
those patterns to identify where Web Services should be adopted.

14
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Chapter 3 Web Services –an important part of the IT infrastructure
for education providers
3.1 Introduction
This chapter aims to analyse education providers’ requirements for Web Services from
the perspective of e-business. Although some surveys have already indicated the
strategic importance of Web Services for enterprises, including educational providers
[2], [4]

, there is still a lack of coherent research concerning the rationale behind this

hype. Why do education providers need Web Services? What makes Web Services an
important part of IT infrastructure? Those are the questions this chapter will answer.

This chapter argues that the demand for interoperability and flexibility of information
systems gives rise to Web Services and makes them an important part of IT
infrastructure for education providers. Today’s e-business requires full co-operation
among customers, partners, and suppliers and their quick response is also a must.
Thus, today’s enterprise IT infrastructure is required to be more coherent and
adaptable enough so that the systems can be easily integrated and modified.

However, the current integration model can’t match this demand because flaws such
as mutual dependence of software components upon each other, reliance on
proprietary technologies, and the absence of open standards lessen the changeability
and consistency of IT infrastructure. Web Services refer to a set of open-standard
technologies and are based on service-orientated architecture. They provide an openstandard based and loosely coupled integration model. Such a model simplifies the
15

Chapter 3 Web Services-an important part of the IT infrastructure for education providers

development and maintenance of application integration. A Web Services-based
integration model grants IT infrastructure flexibility and interoperability. This is the
reason why Web Services will become an important part of IT infrastructure for
education providers. Sections 2 and 3 analyse the requirements of e-business and IT
infrastructure to explain the demand for interoperability and flexibility of information
systems. Section 4 discusses the flaws of the current integration model and what Web
Services are and how they can redress those flaws. It explains why Web Services will
become an important part of IT infrastructure for education providers.

3.2 Background -- E-business for education providers
“E-business is no longer optional; it is not the latest fad destined to blow over during
the next 30~60 days. While the underlying technology will most certainly change,
e-business will continue to make its presence felt and became the standard mode of
operating, not only in financial services, publishing, and retail, where we have already
seen rapid and profitable advancement, but everywhere business is conducted.”

[9]

E-business has already considered as an important approach to maintain
competitiveness in market. It can help enterprise to cut cost, improve efficiency,
developed market and provide customer-centred service. More and more enterprise
are shifting to this new way of doing business. In a narrow sense, e-business is an
organisation that interacts with its customers, suppliers, business partners, and
employees by using Web technologies to reach new markets and build lasting
relationships [10]. Today’s colleges and universities are now encouraged to become
more entrepreneurial in their approach to education; success in this new arena is
16
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largely based on packaged products and slick marketing strategies as opposed to
intellectual content and academic rigor. Items that require continual investment, such
as excellence and quality, are being sacrificed unnecessarily for a more expedient and
efficient operation to produce the end product -- a degree, representing a higher level
of education for the customers

[11]

. From the perspective of business, the objective of

education providers is not only providing academic degrees but also better service for
learning and teaching while maintaining the loyalty of customers and remaining
competitive with rivals in the global market. Information technology is significantly
increasing the productivity of enterprises including the provision of education as well
as changing our way of living, working and learning. E. Levine, the president of the
Teachers’ College of Columbia University thinks that three basic types of colleges and
universities are emerging.

[12]

Traditional residential institutions are called “brick

universities”. Some virtual commercial universities without physical space are called
“Click universities” because everything occurs by a click of mouse. The last type of
university is called “Click and brick universities” which is a combination of the first
two. Levine also predicted that “brick and click” universities will become the most
competitive and attractive higher-education institutions because customers can
experience personalized and convenient learning services online as well as interact
and communicate face-to-face in a settled place. However, how to combine those two
learning approaches is still a challenge for education providers. Merely offering
classrooms online will not attract students if education providers are not able to offer
a real, personalized and convenient learning service.
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The development of Internet and Web technology is the key that makes ‘brick and
click’ universities feasible. The internet offers interactive communications and it is
built on an open standard. Interactive communication enables customers to provide
direct feedback, and open standards make interoperability between companies
possible. It is fairly easy to integrate different applications, departments and business
processes throughout the whole value chain via the internet. The internet and Web
provide an accessible platform for the communications among customers, suppliers,
and business partners. Enterprises can make better use of their IT infrastructure to
interact with suppliers, customers, and employee via Internet and related enabling
technologies. Many elements that represent an organization’s success, including
revenue, cost, business development and market share will benefit from this kind of
IT infrastructure. [47]

The combination of the ambition to be ‘brick-and-click’ with support from Internet
and Web technologies drives the transformation to the e-business model. One of the
widely known aspects is E-learning -- using Internet and Web technologies to provide
services such as online courses, online evaluations or tests, and online learning
resource repositories. The dramatically increasing number of Internet users provides a
huge customer base for education providers. IDC projects that a substantial
percentage of the U.S. population will be active Internet users. Notably, IDC also
forecasts nearly 60% of the U.S. population will actively use the Internet by 2003, up
from just 15% in 1996. [13] Jupiter's Globalization Report predicts that the Asia-Pacific
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region will outpace the US in less than five years and expects the region to contain as
much as one-third of all Internet consumers worldwide in 2005. Other global
high-growth regions include Latin America, which is expected to double in size from
5 percent of the world’s online population in 2000, to 8 percent in 2005. [14] John
Chambers (CEO of Cisco Systems) said at 1999’s COMDEX Conference: “the next
big killer application for Internet is going to be education. Education over Internet is
going to be so big it is going to make e-mail look like a rounding error.”

E-business is first and foremost about improving service to ensure enduring
relationships with clients. It is about community building, and especially the
development and nurturing of learning communities. E-business provides the
opportunity to transform key business process through the use of Internet technologies
to improve service to customers. It will be strategically important for education
providers.

3.3 The requirements of e-business and IT infrastructure.
(1) The requirements of e-business -- Integrated and responsive
The best way to become a real ‘brick and click’ institution is still a challenge for
education providers. Until now, many education providers have already built up
co-operative Web sites and deploy applications that provide online services for
customers such as online registration and payment. Just moving the registration office
from the brick building to cyberspace is not enough, although it definitely improves
the service for customers. Actually, they are often just the extensions of the current
19
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business model. Faisal Hoque introduced the new term “E-nterprise,” described as
follows: “in an E-nterprise, the whole value chain -- from procurement of raw
material on the supply side to consumer retailing and customer management on the
demand side -- happens by combining traditional bricks-and-mortar assets with the
efficiency of cyber-mediation”

[15]

. According to this standard, a ‘brick-and-click’

education provider should incorporate information technology into its whole business
process including teaching, learning, and administration in order to combine with the
physical assets to provide services for students, staff, partners and other constituents.
From the perspective of functionality, e-business for education consists of various
components such as e-learning, student management, human resource management,
financial management, library management, and e-procurement. Some components
focus on providing services for students, instructors, faculties, alumni, and parents.
They can be seen as the front office of education providers since they have direct
interaction with users. Some components focusing on administration comprise the
back office aspect, and components such as e-procurement belong to the supply chain.

To realize the full potential benefit of e-business, it requires integrating all the
business processes in the back office, front office, and supply chain. It is the way of
shifting

the

business

model

from

product-centric

and

supply-driven

to

customer-centric and demand-driven. For example, in order to improve services for
users, many universities and colleges have already deployed the campus portal, which
provides a single entry point to the electronic campus, with a consistent view and
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personalized services for constituents. The portal allows campus user to select the
element that is displayed and offers a broad set of services on a single platform.
However, the effort of front office (e.g. campus portal) is not expected to take effect
without the support from the back office and supply chain. For example, the campus
portal needs to know the user’s profile in order to provide personalized content and
service. They also need the support from the security system for authorization and
authentication. Furthermore, the integration with the supply chain is necessary to
implement the seamless service from the demand side to the supply side, such as
providing the updated information about transport, accommodation and entertainment,
etc.

Another challenge faced by today’s enterprise is the unpredictability of the future
market, customer demands, and competitors, and so on. The ever-changing future
business environment makes it impossible to forecast the market trend and customers’
taste. In order to survive and thrive in this tough world, enterprises need to learn to
promptly respond to unexpected changes. This requires agility, efficiency and
adaptability to operate a business according to market demands. [61] Thus enterprises
that can respond to unpredicted changes and uncertainty immediately are able to
provide better services and more satisfying products than their rivals.

IBM proposed “E-business on demand,” which defines an advanced e-business
strategy. On demand e-business is “An enterprise whose business processes-integrated
end-to-end across the company and with key partners, suppliers and customers—can
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respond with speed to any customer demand, market opportunity or external threat.”[16]
This implies that the enterprise can detect threats posed by its rivals and the change of
the customer’s demand quicker. So it can respond at the first opportunity to adjust its
operation. “On demand” requires the enterprise break down barriers between different
departments or units to set up a streamline flow of processes and information within
the whole organization. That streamline flow not only occurs within company but also
extends to your customers, suppliers and business partners. “On demand” strategy
allows an enterprise to sense and respond to changes quickly, seize market
opportunities and dodge obstacles. “On demand” means integrated, responding with
speed and customer-oriented. On demand business can break down barriers, accelerate
the flow of processes and information within an organization, sense and adapt to the
changes in the market in time. On-demand integration makes it possible for
companies to avoid obstacles and catch opportunities without losing speed or
efficiency.

(2) The requirements of IT infrastructure -- Interoperability and flexibility
Integrated and responsive e-business requires enterprises integrate with internal and
external applications in a flexible way. Yet applications must work together after
some of them have been modified. In order to achieve this object, an enterprise IT
infrastructure must be interoperable, so that applications can work together, and be
flexible enough to protect the function of the whole system when some components
in system are modified.

-Interoperability
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IEEE defines interoperability as the ability of two or more systems or components to
exchange information and to use the information that has been exchanged.

[17]

The

interoperability is the prerequisite for different applications to work together. The
problem of interoperability is normally caused by incompatibility between operating
systems, communication protocols, programming languages, and data formats.
Especially in the commercial market, it is difficult to get applications from different
vendors to interact with each other because of the proprietary technologies of vendors.
Heterogeneous computing environments are common, including the home-grown
applications, off-the-shelf packages, and various function-specific legacy systems for
most of the education providers. For example, the enrolment system is an n-tier
architecture application based on J2EE. The financial management system is a
mainframe-based application that is accessible only to dumb terminals, which were
developed without the intention of working together. One solution is to develop a new
system from scratch to entirely replace the old system, deploying the compatible
applications or, as much as possible, purchasing a suit of solutions from one vendor.
However, replacing the old systems entirely is unaffordable for most education
providers. Also, it is very hard to find end-to-end solutions at present in a single
vendor because of various specific requirements. To make matters worse, the
business-to-business integration needs to interact with applications owned by other
institutions. It is practically impossible to coerce business partners to develop their
systems to your preference. Therefore, education providers have to consider
alternative solutions that make the existing systems interoperable by adding standard
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interfaces on top of them. Those standard interfaces are often referred to as a
“wrapper.” The wrapper hides the concrete implementation of the interior and exposes
a standard interface for the public. It is an effective way to address the interoperability
problem.

-Flexibility
Maintaining an IT infrastructure is sometimes more difficult than developing it
because the business environment is rapidly changing as well as the information
technology. Companies need to incorporate dynamic changes into their business and
information architecture, and they must be able to develop systems that can be readily
adapted for the dynamically changing business environment. However, changing the
existing IT infrastructure is often difficult because one change could cause a series of
related changes in other parts, especially when components are tightly coupled.

In the management literature, flexibility is defined as the degree to which an
organization possesses a variety of actual and potential procedures, and the rapidity
with which it can implement these procedures to increase the control capability of
management and improve the controllability of the organization over its environment.
In this paper, flexibility of IT infrastructure refers to the ability to add, modify, and
remove any software or data components of the infrastructure with ease and with no
major overall effect. It is represented by reusability of components, weak dependence
between them, and easy access to function. Therefore implementing flexibility of IT
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infrastructure requires loosely coupled integration that allows easy access to function,
hides concrete inside implementation, and reduces the dependence between
components by means of public interface, runtime binding and message-based
communication.

3.4 Why choose Web Services?
(1) What are Web Services?
A Web Service can be any service that is available over the Internet, using a
standardized XML messaging system, that is not tied to any one operating system or
programming language.

[18]

They are self-contained, self-described, modular

applications that can be published, located, and invoked across the Web.[19] Web
Services perform functions, which can be anything from simple requests to
complicated business processes.

In a narrow sense, Web Services can be defined as a standardized way of integrating
Web-based applications using the XML, SOAP, WSDL, and UDDI open standards
over an Internet protocol backbone. XML is used to tag the data, SOAP is used to
transfer the data, WSDL is used for describing the services available, and UDDI is
used for listing what services are available. In a broad sense, Web Services are
software systems whose interfaces and bindings are defined and described in XML.
They can be located by a URI (Uniformed Resource Identifier is a compact string of
characters for identifying an abstract and physical resource.

[52]

) and discovered via

Internet. This definition stresses that Web Services should be capable of being defined,
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described and discovered, thereby clarifying the meaning of “accessible” and making
the notion of an ‘Internet-oriented, standard-based interface’ more concrete. John
Worrall, Vice President of product marketing, RSA Security said “I believe we have
not yet tapped into the full power of what the Internet can do for us. Web Services will
show us the way.”

[53]

This sentence reflects the fact that users often suffer from

dealing with incompatible applications and data. Many resources are wasted on
transforming data format and developing various adapters to make it possible for
incompatible applications to communicate with each other.

Web Services technologies
Web Services refer to a set of standards and protocols. They are becoming complex as
new standards and protocols are continually added to this set. For example, the
WS-Security specification was developed to address security concerns related to Web
Services. There are also related protocols about service coordination and service
quality. However, detailed discussion about service coordination, service quality, and
service security is not within the scope of this research, which only focuses on the
basic Web Services technologies, service interaction, service description, and service
discovery.

In fact, Web Services are not limited to a few specific standards. The problems
underlying Web Services occur regardless of the standards used. However, there are
some leading standards today in Web Services. These standards are widely adopted
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and supported. Some of these leading standards are the WSDL for service description,
the UDDI for services discovery and the SOAP and HTTP for service interaction.
Also, XML provides an underlying standard data format for those higher-level
protocols.

-XML
W3C officially endorsed the Extensible Mark-up Language (XML) as a standard data
format in February 1998. XML uses Unicode, and it is structured as self-describing
neutral data that can be stored as a simple text document to represent complex data
and make it readable. XML is a vendor and platform independent data format. It has
already been a standard for exchanging information between applications, systems
and devices across the Internet. XML is also at the core of Web Services and is the
basis of other related Web Services protocols.

-SOAP
SOAP is a lightweight protocol used to exchange information between distributed
applications. “Lightweight” here implies independence of operation system, coding
language and device. It consists of four parts: “an envelope that defines a framework
for describing what is in a message and how to process it, a transport binding
framework for exchanging messages using an underlying protocol, a set of encoding
rules for expressing instances of application-defined data types and a convention for
representing remote procedure calls and responses.”

[62]

A SOAP message can be

27

Chapter 3 Web Services-an important part of the IT infrastructure for education providers

bound on top of various Internet protocols such as HTTP, FTP, and SMTP to be
transported. Therefore, a SOAP message can pass through a firewall and allow
communication with external systems.

-WSDL
“WSDL is an XML format for describing network services as a set of endpoints
operating on messages containing either document-oriented or procedure-oriented
information.”

[63]

WSDL uses the XML to abstractly describe the services interface

including the operation and parameters. It is an interface description language
regardless of protocol or message format. Any client can bind that interface to its
concrete network protocol and message format. For example, the client could apply
the same interface to HTTP or FTP protocol as well as SOAP message or email
message. WSDL is used as the metadata language for defining Web Services and
describes how services providers and requesters communicate with each other,
describing the Web Services functionalities offered by the service provider, where the
service is located, and how to access the service.

-UDDI
UDDI facilitates the location and search of Web Services. If a client wants to use Web
Services, s/he must find an appropriate service suitable for his/her demand at first.
The focus of Universal Description Discovery & Integration (UDDI) is the definition
of a set of services supporting the description and discovery of (a) businesses,
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organizations, and other Web services providers, (b) the Web services they make
available, and (c) the technical interfaces which may be used to access those services.
UDDI is developed based on a common set of industry standards. It allows the
location and research of Web Services in public or just within an organization. UDDI
provides the registry for Web Services to function as a service broker enabling the
service providers to populate the registry with service descriptions and service types
and the service requesters to query the registry to find the services.

(2) Flaws of current integration model
With the evolution of distributed computing, monopolistic applications are being
replaced by separated and distributed applications across an intranet or the Internet.
Today’s enterprise IT infrastructure consists of those distributed and usually
heterogeneous applications. In order to work together, applications must know where
their partners are, what functionalities they provide, and how to access these
functionalities. There must be an available mechanism of discovery, publishing, and
interaction with each other. However, those applications may run on different
operating systems (e.g., Windows, Linux, Solaris, HP-UX, or AIX), support
incompatible interfaces and communication protocols, or use propriety data formats,
which results in information being exchanged that cannot easily be understood and
processed by each partner.

Different attempts such as RPC （Remote Procedure Call is a protocol that one
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program can use to request a service from a program located in another computer in a
network without having to understand network details.[51] ） , message-oriented
middleware and the distributed object server have been made to provide this standard
mechanism. Although these technologies provided solutions to parts of the integration
problem, the incompatibility between them curbed their success. None of these
technologies was based on globally accepted standards, so these technologies were
not accepted by everyone, e.g. the rejection of Common Object Request Broker
Architecture by Microsoft. Another problem is the interoperability of these
technologies. For example, Java Remote Method Invocation (RMI) allows
components written in Java to communicate with each other in a distributed
environment. RMI is a platform independent -- Java components run on any platform
that has a Java Virtual Machine -- but it only supports components written in Java.

CORBA allows components to be written in any language -- provided that language
has a CORBA binding -- and to run on any platform to communicate with each other.
However, its heavy weight and complex nature, along with the incompatibility
between different CORBA Object Request Broker (ORB) implementations have
prevented its widespread adoption. In addition, CORBA’s IIOP protocol doesn’t
integrate well with existing Web standards so that it can work through the firewall.
Therefore, the connections between applications in the current integration model are
usually proprietary and less geared towards reusability. It takes lots of work to make
and maintain these connections and to monitor and troubleshoot the morass of
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resultant breakpoints and dependencies. Figure3.1 depicts the current integration
model:

Figure3. 1: Current e-business integration methods leave multiple pain points where
interaction can break down and careful maintenance is required. [20]

(3) How Web Services remedy those flaws
Web Services offer redress for this situation by means of providing an open-standard
based service-oriented architecture. In fact, the terms “service-oriented architecture”
and “Web Services” are often used interchangeably; however, strictly speaking, Web
Services are just one way to realize the benefits of service-oriented architecture.
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Figure3. 2: Service-Oriented Architecture. [21]

As to specific implementation, SOAP provides an XML-based protocol that can be
used to marshal arguments from any application to any other application, no matter
what underlying system, programming language, or distributed computing framework
in which it is implemented. It implements a standardized method for encoding
different protocols and interaction mechanisms into an XML document that can easily
be exchanged across the Internet. An XML-based interface description language
(WSDL) is used to describe what functions Web Services provide and how to access
those functions. WSDL is capable of describing Web Services that are implemented
using any language and deployed on any platform. Finally, Web Services use UDDI to
publish and search services. UDDI defines data structures and APIs for publishing and
find services in the UDDI registry centre.
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Service-Oriented Architecture is an architecture made up of components and
interconnections that stress interoperability and location transparency. SOA is a
methodology which uses components to develop software applications. It was
developed for managing software applications which turn out to be more and more
complicated. In an SOA architecture, a service is a well defined and self-contained
functional component that is independent from the environment of this service.

[64]

In

SOA, there is no pre-defined interconnection between the service providers and
service consumers, who can find service as needed and then bind with services in runtime. Late binding allows a loosely coupled application to be flexible, since there is
no inherent knowledge of how the application will be used. It refers to components
that determine behaviours and relationships at run-time, rather than at compile or
deploy time.

Conceptually, service-oriented architectures (SOA) represent a model in which
loosely coupled pieces of application functionality are distributed, combined, and
consumed with other applications over a network on an as-needed basis. The
fundamental SOA objectives are flexibility, visibility, and leverage of assets. SOA
enable a shift in enterprise software applications from monolithic stacks to more
efficient, adaptable parts. This loosely coupled architecture allows individual nodes in
a distributed system to change without affecting or requiring change in any other part
of the system. It minimizes the dependence of nodes so they enforce the protection of
other parts of the system from change. Figure3.3 displays this new integration model
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provided by Web Services:

Figure3. 3. Web Services perform all integration in a single, common infrastructure. [20]

Developers can develop dynamic software applications capable of responding to the
external environment by using Web Services. Web Services can reduce the cost of
development and maintenance of system integration and protect an organization’s
early investment. Early adopters of Web Services can better their business operation
to meet the market demand and will win over those organizations that fail to adapt.

3.5 Web Services for e-learning
The current trend is that e-learning platforms and electronic learning material evolve
open standards. For example, the capability to service learning seamless within the
context of enterprise application and business process can offer huge benefit to
education providers in the market of professional training.
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As the global marketplace continues to increase workforce diversity and extend
employee populations across countries and borders, businesses need to find more
effective ways to manage the growing and constant need for sophisticated employee
training and learning solutions. It is a challenge for organizations to cost-effectively
combat skill gaps as well as to meet growingly complex training needs. Generally,
there are two ways of obtaining knowledge-inside and outside. The knowledge within
an organization is often saved in distributed departments, entities or business process.
A learner needs a universal learning platform to aggregate these scatted resources
together. On the other hand, more and more organizations are outsourcing employee
training to third party trainers. There is also a need to put internal and external
learning applications together to provide just-in-time and contextual training.

In order to meet the demands mentioned above, most e-learning technology vendors
are moving away from proprietary systems toward open standards. E-learning
technology vendors are exploring the possibility of developing a more flexible
approach to technical infrastructures for e-learning. This is based on the concept of a
move from the use of large ‘monolithic’ systems to a more flexible ‘service oriented’
approach.

[44]

They are now building new systems from scratch based on open

standards, or adding support for J2EE or .Net. As the providing of an open
architecture in place, the door is opening to Web Services — and the related capability
to service e-learning as events within other applications. Web Services enable
interaction among application, process and information through an enterprise. IBM
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unveiled a new LMS (learning management system) consisting of e-learning
components designed to connect to other applications and learning products in
January 2003. The IBM Lotus Learning management system is based on J2EE and
supports Web Services standards such as XML and SOAP (details about XML and
SOAP are provided in the next section).

[45]

It was designed with the intention of

connecting to other applications and learning products. The IMS Global Learning
Consortium is working to define Web Service technology standards that will be used
across all IMS specifications. It will include a base profile of core Web Service
technologies as well as best practice guidance on issues such as Web Service security
and routing. Participants include Microsoft, Sun Microsystems, ADL, Learning
Objects Network, Cisco Learning Institute, and others. This effort is expected to be
completed in late 2005.

JISC (Joint information System Committee) also uses Web Services as a standard to
develop its e-learning technical infrastructure. They delivered their Personal
Information Aggregation and Distribution service (PIADS) and PDP (Personal
Development Planning) Web Service in 2004. PIADS is a generic Web Services
specification for creating and reviewing records of personal information across
disaggregated databases. [46] PDP Web Service facilitates the creation or destruction of
records to be used in tandem with the PIADS. [46] Via PDP Web Service and PIADS, a
learner can access, modify and aggregate records distributed over different systems,
applications and databases. In addition to platform standards, e-learning content
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standards are also being hashed out. SCORM (Sharable Content Object Reference
Model), initiated by the US Department of Defense, is a set of specifications that aims
to enable interoperability and reusability of Web-based e-learning content. Eventually,
e-learning will become an invisible middle ware; it will be taken for granted and
serviced at a portal or an application via Web services.

3.6 Summary
This chapter analyses Web Services requirements of education providers at the
business level. The demand for Web Services is created by today’s e-business
requirements. In order to improve the service and maintain toughness and competence
in the market, an education provider should become such an enterprise: “An enterprise
whose business processes—integrated end-to-end across the company and with key
partners, suppliers and customers—can respond with speed to any customer demand,
market opportunity or external threat.”[16]

This kind of e-business requires an interoperable and flexible IT infrastructure that not
only can be easily integrated with internal and external applications but also is open to
be modified with changes. However, the current integration model cannot do that
because of flaws such as strong dependence between components, relying on
proprietary technologies, and a lack of standards, reducing interoperability and
flexibility. This model takes lots of work to construct and maintain connections
between components and to monitor and troubleshoot the morass of resultant
breakpoints and dependencies and leaves multiple pain points where interaction can
break down; therefore, careful maintenance is required.
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Web Services offer redress for this situation via the provision of an open-standard
based and loosely coupled integration model. They refer to a set of open-standard
technologies and are based on service-oriented architecture. From the perspective of
technology, Web Services facilitate an application or system to collaborate with
another application or system regardless of how the applications are implemented,
where they are implemented, or on which platform they are implemented. [22] From
the perspective of business, Web Services enable organizations, partners, customers,
and other members of the extended enterprise to streamline their respective business
processes, creating new opportunities for interaction. [23]

As recently declared by Forrester Research, “it’s time for business executives across
all industries to pay attention. Web services will drive productivity gains by making it
easier for firms to collaborate—internally and with business partners.”[66] Therefore, it
is concluded that the demand for interoperability and flexibility gives rise of the
attention paid to Web Services. The current integration model can’t match this
demand, so a new model is required. Web Services can address those issues very well.
This is the reason why education providers need Web Services and why they will
become an important part of IT infrastructure. The following two chapters will
investigate the use of Web Services in the short and long term. They will furthermore
explore the potential of Web Services and how Web Services have become an
important part of IT infrastructure for education providers.
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Chapter 4 Web Services solution in education area
4.1 Introduction
Chapter 3 concluded that Web Services would become an important technical part of
IT infrastructure because of the fact they drive interoperability and flexibility.
Chapters 4 and 5 investigate how Web Services address these issues in the education
area. It explains how Web Services have become an important part of IT infrastructure
for education providers. Chapter 4 focuses on current usage of Web Services, while
Chapter 5 provides a technical vision of Service-Orientated Infrastructure in the long
term.

Presently, Web Services are often considered as the glue for integrating heterogeneous
systems. They can be used as wrapper, integration middle layer, and universal
interface. This chapter investigates three e-business scenarios in which Web Services
are applied to explain why Web Services were chosen and to demonstrate what Web
Services can do. The three scenarios are concerned with modernizing legacy systems,
integrating multiple applications into campus portals, and Web Services-enabled
learning objects repositories. Though an investigation into these scenarios, this
chapter reveals how education providers can use Web Services as an important part of
their IT infrastructure.

The first section investigates how to use Web Services to wrap legacy systems so that
they can be accessed via Internet. This section compares Web Services with
conventional approaches. The following section focuses on the role of Web Services
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in the campus portal. Web Services can be applied to the building of an integration
middle layer for campus portals to aggregate multiple applications and data resources.
Web Services can be used as a remote service for local portals or a portlet for remote
portal. They can be either data-oriented or presentation-oriented Web Services. The
latter simplifies and standardizes the usage of Web Services for portals. After these
two scenarios focusing on the internal application integration, the third section
discusses the integration of learning management systems and external learning
objects repositories. Learning objects repositories can use Web Services to provide a
standard programmatic interface to allow learning management systems to automate
the location, retrieval, and delivery of learning objects.

4.2 Modernizing legacy systems
(1) The trend of moving services online
The education provider’s IT infrastructure was built incrementally, so old systems
continue to be used with new systems. These old systems are generally referred to as
“legacy systems.” A legacy system is a computer system or application program that
continues to be used because of the high cost of replacing or redesigning it and often
despite its poor competitiveness and compatibility with modern equivalents, implying
that the system is too unwieldy, monolithic and difficult to modify.

With the popularity of the Internet, students and staff demand more convenient online
services that provide users with access to information and business anytime, anywhere.
However, many legacy systems were not designed for working with new technologies
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such as the Internet. For example, according to Phil Hulsey, New Technologies
Development Group’s (NTDG) application architect/developer and Steven Forehand,
NTDG’s Manager, ECU’s (East Carolina University) internal applications were
primarily developed using CICS COBOL for the IBM OS/390 platform and DB2
database and were accessed through 3270 terminal emulators.

“Virtually everything—course registration, academics, billing, HR, and finance—was
custom written in COBOL,” said Forehand. “The problem was a lack of distributed
access to that information. Most of our students actually live off-campus, and during
peak periods—new-semester registration, for example—they would stand in multiple
lines on campus for hours spending only minutes actually registering, paying for
classes, and receiving their financial aid package.”[24]

(2) Conventional approaches
One conventional approach proposed to modernize legacy systems is building specific
system-to-system interfaces; for example, a “Web Link” component enables external
access to the data in a Micronetics Standard MUMPS (MSM) database though the
Internet. [25]

Using Middleware products is the other approach. IBM delivers native connectors
based on CCF (Common Connector Framework) for resources on System 390. The
CCF provides a standard Java-based infrastructure for integrating various system
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components together. However, these approaches again constrain an organization to
proprietary standards. In either case, legacy systems are not published in formats that
are compatible with a variety of systems. It is necessary to develop and maintain
integration connection for each. Web Service has emerged as the solution to this
“interface maze.” Existing legacy systems are interfaced through configurable
adapters, and presented using standard Web Service interfaces.

(3) Web Services approach
Web services are based entirely on accretive technology -- that is, by adding
capabilities to systems already in use, not by rearchitecting existing software. The
legacy applications can be wrapped as Web Services so they can be integrated with
new applications. Web Services enable existing systems to interoperate and evolve
along with new systems. In this approach, Web Services are used as an intermediary
layer between the legacy system and Web client. Generally, this approach consists of
four components. (See figure 4.1) A client contains the user interface that
communicates with the Web Service’s proxy by HTTP. It receives the input parameter
from the user and finally transforms the XML document to the presentational format
required by the user. Once the existing legacy system is wrapped as Web Services, the
integration point is moved from the legacy system to the server component. What the
legacy system exposes to the outside is now a standard interface so that it can be
consumed by different applications.
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Figure4. 1: Web Services approach for modernizing legacy systems.

4.3 Creating a unified digital campus
(1) One entry point to all things
Education providers are required to provide a single and unified digital campus to
improve learning experience. They need to integrate those commercial applications
purchased in the open market with those in-house ones to provide real-time and
interactive services for users. This digital campus should provide users with only one
entry point to all information and applications they need. Users don’t need to log onto
multiple systems to look up information and make transactions. [26]

Users must be able to electronically navigate campus-wide and not hit electronic
roadblocks as they move from place to place on the digital campus. However, in some
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aspects, the digital environment we have created replicates the offices on campus, but
rather than walking from one place to another, the user must type in a different URL
and log on to different systems. Departmental publishing led to a campus Web built
around the existing organizational structure, requiring all users to know something of
the institutional organization in order to navigate and use the campus Web. This
design flaw has been remedied in recent years. Rather than listing services by
departments (registrar, benefits, and library), the new campus Webs reorganized
information to target the needs of unique customer groups (students, staff, visitors)
and presented the information in useful contexts (kicking off the semester, starting the
first day on the job, preparing for graduation).

[27]

This new design philosophy has

driven the emergence of the campus portal.

One leader in the marketing of the campus portal, Campus Pipeline, defines the
campus portal as “A web-based, customizable interface that provides continuous
access to your institution’s information and resources”.

[28]

As infrastructure, portals

channel all other elements that integrate the digital campus into a single, central,
cost-effective vehicle that connects the institution to the individual. The portal
represents a change in institutional philosophy in the delivery of services and a major
shift to a customer-centric design.

For instance, services eventually to be delivered via the portal of Macquarie
University (Australia) include enrolments (to replace a manual process that currently
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suffers from significant time delays), training courses, exam results, library services,
human resource information, finance systems and research data, as well as a personal
calendar and email account.

[29]

To sum up, the value of the portal is achieved by

providing all of your services through a single and customizable interface; the whole
becomes greater than the parts. The most important benefit provided by a portal is the
ability to aggregate many tasks into a single entry point.

(2) Integration Challenges
The campus portal tries to stitch various applications on the campus together to
provide a single, customizable interface. However, whether you are looking at the
education infrastructure for an entire state or a small district, of a multi-campus
university or a small private college, the chances are good that the infrastructure you
see is comprised of many different systems that do not share information easily. [30] At
many institutions, there are stand-alone systems where there is little to no integration
of data or process among them, preventing institutions from serving students and
other constituents who have increased expectations for seamless access and
personalization of data.

This heterogeneous computing environment is created by a composition of forces.
The incremental development of IT infrastructure results in many task-based legacy
systems. The phased approach of ERP implementation adds separate ERP modules
into institutions. In addition, the learning management system and course
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management system are developed or bought in order to support e-learning. Finally,
the current trend of outsourcing IT services to third party providers makes matter
worse. It results in the IT infrastructure of education providers consisting of a
complex compound of legacy systems, home-grown applications, commercial
applications, and third party services.

(3) Web Services for campus portals
Web Services have the capability of integrating various systems together. It makes
Web Services an important technology for implementing a campus portal. Web
Services facilitate an integration platform that enables various systems to provide
information and services through the portal. (See figure 4.2) From the perspective of
technology, the functionality of the campus portal is implemented by the portlets,
pluggable components running inside a portal’s portlet container, similar to servlets in
many aspects. Most of today’s portals provide an environment that allows plugging
components -- of the portlet into the portal infrastructure to provide content and
service. Portlets can be “local portlets” that may be deployed by installing portlet
archive files on portal servers and are typically invoked by the portal server directly
though local method calls. However, they are often the clients that require remote
services or content. Thus there are two options for use of Web Services in conjunction
with portals:
a. Portlets running on a portal server can access a Web service to obtain
information or invoke remote methods provided by the Web Service.
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b. Portals can publish portlets as Web Services for remote portals to make
them available to other portals in a way that makes it easy to find and
integrate them. These portlets run as Web Services on remote servers
that are published in a UDDI directory to allow for easy finding and
binding. Typically, portlet proxies (generic local placeholders) will
invoke these services to which they are bound via the SOAP protocol.

Figure4. 2: Web Services as an integration platform for campus portal in University of British
Columbia.

[31]

(4) Two different kinds of Web Services for the portal
From the perspective of the portal, there are two different kinds of Web Services, the
“traditional” data-oriented Web Services and presentation-oriented, user-facing,
interactive Web Services. The latter is also called Web Services for Remote Portal
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(WSRP). [32]

The difference between these two kinds of Web Services is whether or not they
include the user interaction or presentation functionality. Data-oriented Web Services
do not include the user interaction or presentation functionality and always need
intermediary applications to provide user interface. Presentation-oriented Web
Services are the converse.

Figure4. 3: Two different kinds of Web Services for portals. [33]

In order to use the content or service provided by data-oriented Web Services, portlets
need a specific portlet proxy for each Web Service. While this is a good approach for
applications that require specific data and know how to consume and process this data,
it is not appropriate for portals that need to be able to quickly integrate content and
applications from various resources. However, for presentation-oriented Web Services,
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portals do not need a specific portlet proxy anymore.

Figure4. 4: The different working mechanisms of two kinds of Web Services. [33]

The generic portlet proxy eliminates the need to develop specific portlets for each
Web Service to plug into the portal. Portlets can be added dynamically to the
environment, and users benefit by having more services made available to them in a
timely manner. Additional remote portlets can be included into a portal just by finding
them and binding to them by creating a new portlet proxy instance bound to the visual,
user-facing service.
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In the future, portlets can run on any compliant portal server locally, as well as remote
WSRP services that plug and play with all compliant portal servers. And that a portal
component market comes into existence in which a large variety of application
providers, ISVs, and the open-source community offer readily available portlets or
visual Web Services. [33]

4.4 Web Services-enabled learning object repository
(1) Learning object repository
With the trend of moving education and training into the Web environment, there is an
increasing demand for high quality, reusable components -- the learning objects. The
definition of learning objects varies among authors and organizations. They can be
any entity, digital or non-digital. However, ‘the learning objects’ refers to digital
materials in the context of this paper. Digital learning objects are the computer files
that store graphics, lessons, animations, and other computer-mediated activities that
constitute the content and process activities of on-line learning. [34]

However, there is a wealth of content available in institutions and organizations that is
either inaccessible to external users or is difficult to find. Thus, there are many
initiatives around the world to build a learning objects repository to establish
infrastructure for collecting, managing and delivering learning objects. One example
is the MERLOT project (Media Educational Resource for Learning and Online
Teaching). Its vision is to be the online community where faculty, staff, and students
from around the world share teaching-learning materials and pedagogy. [35] Its mission
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is to improve the effectiveness of teaching and learning by expanding the quantity and
quality of peer-reviewed online learning materials that can be easily incorporated into
faculty-designed courses. MERLOT holds descriptions of learning objects; peer
reviews of learning objects; lesson plans or assignments that use learning objects; and,
in a growing number of cases, marketing information about availability, price, and
conditions of sale.

(2) Seamlessly and dynamically accessing learning objects though LMS
LMS (learning management system) provides an advanced learning environment for
learners and instructors. It refers to a suit of functionalities designed to deliver, track,
report on, and administer learning content, student progress, and student interactions.
It provides an easy way to effectively use the learning objects.

Automating the process of locating, retrieving, delivering, administrating and using
learning objects though a learning management system is an attractive concept to
users. It is possible that in the future both learners and instructors will have the ability
to seamlessly and dynamically access the best course materials though their learning
management system. Seamless and dynamic access implies the ability of LMS to
access a different learning objects repository to acquire learning objects and LMS
products from different vendors to access the same learning object repository to
acquire learning objects. However, this paradigm is hampered by the lack of
interoperability of LMS and the learning objects repository. Interoperability requires
acceptance of a standard API and communication protocol for building
51

Chapter 5 Service-Oriented infrastructure-the future picture of Web Services

communications between a learning objects repository and the learning management
system.

(3) Web Services-enabled repository
Web Services can provide a standard interface and communication protocol for a
learning object repository. Figure 8 illustrates this concept. Web Services provides a
wrapper for a learning objects repository that hides the concrete implementation. The
learning management system can use a SOAP message to communicate with the
learning objects repository and download learning objects. It is possible that a piece of
software can go out and discover what learning resources are available today, find
them, retrieve them and then integrate them back into a course-and the person using
this never had to do anything-is a very powerful notion. [54]

It also requires that LMS can drive Web Services technology to interact with Web
Services-enabled repository. The vendors of LMS have realized the value of Web
Services. Another issue that should be given special consideration is the
interoperability between the learning object itself and LMS. Fortunately, some
organizations are contributing to the resolution of this problem. Such Advanced
Distributed Learning Initiatives (ADL) projects develop the Shareable Content
Objects Reference Model (SCOM) specification that specifies how learning objects
interact with LMS.
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Figure4. 5: Web Services-enabled learning objects repository.

One practical instance of a Web Services-enabled learning objects repository is
Le@rning Federation, which provides a Web Services interface for its online learning
objects repository called “Exchange.” Web Services provides a simple programmatic
interface allowing client systems to discover and download metadata and learning
objects from the Exchange. More detail can be found in its specification -- The
Le@rning Federation’s Learning Objects Repository Access and Exchange
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Specification. [36]

4.5 Summary
This chapter reveals how education providers can use Web Services as an important
part of their IT infrastructure. Firstly, one of the primary uses of Web Services is to
expose the functionality of internal systems and make them accessible and
discoverable through the Web Services interface. Web Services are therefore
analogous to sophisticated wrappers that encapsulate one or more applications by
providing a unique interface and a Web access. Secondly, Web Services can be used as
a standard integration middle layer on which many heterogeneous systems can work
together. Finally, Web Services can provide a universal service interface for multiple
client applications. Just like a Web Services-based learning objects repository, a server
can respond to any client regardless of what it is and how it is implemented.

These scenarios not only explain how Web Services become an important part of IT
infrastructure for education providers, but also explore their potential to address
interoperability and flexibility. Two common benefits can be found in these scenarios.
On one hand, Web Services simplify and ease the integration of heterogeneous
applications. Web Services can add a standard wrapper on top of heterogeneous
applications to make them look like homogeneous applications. On the other, Web
Services implement a loosely coupled integration that increases the flexibility of IT
infrastructure. For example, a Web Services-based portlet can be added and removed
dynamically to the portal, so the administrator of the portal can flexibly adjust the
54

Chapter 5 Service-Oriented infrastructure-the future picture of Web Services

functions and services of the portal.

In conclusion, Web Services are primarily used currently as the glue of application
integration. Education providers should seriously consider using Web Services
whenever and wherever their information systems are required to integrate
heterogeneous applications. However, the full potential of Web Services has not been
covered in these current usages. Web Services will lead to a more ambitious paradigm
for IT infrastructure. The next chapter will provide a technology vision of Web
Services -- The Service-Oriented Infrastructure.

55

Chapter 6 an effective design approach and practical demonstration

Chapter 5 Service-Oriented infrastructure-the future picture of web
Services
5.1 Introduction
After investigating the current uses of Web Services in Chapter 4, this chapter
attempts to display a future paradigm for enterprise IT infrastructure. It briefly
introduces the concept of services-oriented infrastructure and its enabling technology
-- Open Grid Services Architecture. Together with Chapter 4, Chapter 5 completes the
picture of how Web Services will become an important part of IT infrastructure for
education providers.

As Web services become more popular and more widely adopted, they are likely to
lead to a scenario where service-oriented architecture, advocated for many years,
finally becomes a reality.

[37]

In this case, the developer and designers are led to think

that “everything is service.” This business logic can be dynamically composed of
autonomous and independent services as needed. Even business executives with scant
programming knowledge are able to use services to compose and improve business
processes. IT resources can be consumed, like electricity or water, as supply services.
Users can choose appropriate services according to their need and be charged only of
what was consumed.

Web Services provide ideal underlying technologies for implementing services;
however, Web Services do not address overarching concerns such as management,
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service orchestration, service transaction management and coordination, security, and
other concerns that apply to all components in a service-oriented infrastructure. Grid
technology addresses these issues as it targets manageability. Web Services and grid
architecture complement each other, producing the proposed Open Grid Services
Architecture (OGSA),

[38]

which makes the functionality of the grid available through

Web Service interfaces.

After a brief review of the Open Knowledge Initiative (OKI) to provide a basis to
understand the services-oriented infrastructure in the education context, the first
section

introduces the concept of services-oriented

infrastructure and

its

characteristics. The next section discusses its enabling technology -- Open Grid
Service Architecture. It is purposed by using grid technology to complement the lack
of management and security of Web Services.

5.2 Service-Oriented Infrastructure
(1) Open Knowledge Initiative (OKI) -- Everything is service
OKI is an open and extensible architecture that specifies how the components of an
educational software environment communicate with each other and with other
enterprise systems. OKI provides a modular development platform for building both
traditional and innovative applications while leveraging existing and future
infrastructure technologies. [39]

Although OKI defines its services interface by using Java API instead of Web
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Services, it provides a base for understanding the service-oriented infrastructure. In
the learning environment of OKI, the educational objectives are accomplished by a
series of services that serve users or other services. These services can be provided by
the institution itself, other institutions or third party services providers.

Figure5. 1: OKI architecture. [39]

(2) Service-Oriented Infrastructure
Technology trends and commercial pressures make it impossible to replace previously
monolithic host-centric services with decomposed and distributed components over
the network. This results in an e-business process that can be accomplished by
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distributing components over the network. It has become feasible to dynamically
assemble applications by combining individual process components in the form of
services. Information technology is becoming, quite simply, more about services and
access and less about hard assets.

Imagine a world where companies were not slaves to endless cycles of refreshment of
their expensive and monolithic information systems; they would simply plug into the
computational services to quickly scale their IT infrastructure. In this paradigm, the
whole system is constructed by services as building blocks, which are autonomous,
platform-independent computational elements, and which also have capabilities to
communicate with each other across networks. Services perform functions, which can
be anything from a simple request to complicated business processes.

(3) Characteristics of Services-Oriented Infrastructure
l

High interoperability: The services offered by different vendors can be used by
different clients regardless of platform, developing model, communication
protocol, programming language or operation system.

l

Flexibility: All the services in services-oriented infrastructure are loosely coupled,
which means the system should offer a dynamic mechanism that allows
developers to easily add or remove components at any time.

l

Accessibility: There should be a standard mechanism that enables clients to
search for, discover and access services.
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l

Durability and Reusability: Services are treated as encapsulated components with
well-defined interfaces. As long as the interfaces remain consistent, these
components can withstand technology changes without redesign, reconfiguration
or recoding and can be reused in multiple applications and contexts.

In order to implement the services-oriented infrastructure, services should be:
l

Technology neutral: They must be invocable through standardized lowest
common denominator technologies that are available to almost all IT
environments; this implies that the invocation mechanisms (protocols,
descriptions, and discovery mechanisms) should comply with widely accepted
standards.

l

Loosely coupled: They must not require knowledge of any internal structures or
conventions (context) on the client or service side.

l

Support location transparency: Services should have their definitions and
location information stored in a repository such as UDDI and is accessible by a
variety of clients that can locate and invoke the services irrespective of their
location.

5.3 Enabling technologies -- Open Grid Services Architecture
(1) Grid architecture -- How services-oriented infrastructure works
Electric power and the new devices using it were available around the early part of the
19th century; however, in the beginning, the need for each user to build and operate
their own electric generator hampered their wide usage, just as in today’s computing
environment. The electric power grid and the associated transmission and distribution
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technologies together provided reliable, low-cost access to a standardized service,
with the result that power, which for most of human history has been accessible only
in crude and not especially portable forms (human effort, horses, water power, steam
engines, candles), became universally accessible. [40]

The concept of a “computational grid” was born with the introduction of an electric
grid in the computer area. A computational grid constitutes a hardware and software
infrastructure that provides dependable, consistent, pervasive, and inexpensive access
to high-end computational capabilities. It is a standard—based and high-speed
network operating system that enables distributed resource sharing and management
across heterogeneous, geographically dispersed systems. This is what now frequently
referred to as grid architecture.

Grid architecture enables the use of computational resources as conveniently as
electricity and water supply. Users can quickly scale up or down their IT
infrastructure by adding or removing a computational gird. They are only charged for
actual consumption.

The grid architecture is a high-level abstraction model that describes the common
behaviours, attributes, operations and interfaces to allow a collection of services to
function as an integral unit and collaborate with others in a fully distributed,
heterogeneous, grid-enabled environment.
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(2) Web Services -- Underlying technologies for services-oriented infrastructure
Web Services provide underlying technologies for building service-oriented
infrastructure. They address two critical issues -- the standard interface and the
communication protocol that make services work together. Web Services can be used
as a wrapper for concrete applications that function for a specific task. The wrapper
encapsulates the concrete implementation and exposes the function in the form of
services. Web Services use XML-based WSDL to provide a standard service interface
and SOAP to allow interaction with the service.

(3) Open Grid Services Architecture -- The convergence of Web Services and Grid
Architecture
However, Web Services do not address overarching concerns such as management,
service orchestration, service transaction management and coordination, security, and
other concerns that apply to all components in a service-oriented infrastructure. The
services-oriented infrastructure’s functions of service management can rely on grid
architecture, as it targets at manageability. The principal strengths of Web and grid
services are complementary, with Web Services focusing on platform-neutral
description, discovery and invocation, and grid services focusing on the dynamic
discovery and efficient use of distributed computational resources.

[41]

One leading IT

analyst -- Bloor Research North America -- believe that as Web Services architecture
matures, solid growth in the adoption of grids will start to take place.

[41]

They

attribute this future growth to the fact that Web Services provide a standards-based
approach to enabling programs to work cooperatively with other programs and
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accordingly, the creation of cooperative programs will ultimately drive the need for
high-speed resource access. As this occurs, grids will grow in popularity. Hence, the
maturing of Web Services leading to the creation of service grid architecture is very
important to the adoption of grids in commercial environments in the short- and
mid-term. The complementary use of Web Services and grid architecture has given
rise to the proposed Open Grid Services Architecture (OGSA) that makes the
functionality of the grid available through Web Service interfaces. Grid services
provide a set of well-defined interfaces and follow specific conventions to facilitate
coordinating and managing collections of Web Service providers/aggregators. Four
main layers comprise the OGSA architecture. Starting from the bottom, they are: (See
figure 9)

Physical and logical resources layer: The concept of resources is central to OGSA and
to grid computing in general. Resources comprise the capabilities of the grid, and are
not limited to processors. Physical resources include servers, storage, and network.
Above the physical resources are logical resources. They provide additional function
by virtualizing and aggregating the resources in the physical layer. General purpose
middleware such as file systems, database managers, directories, and workflow
managers provide these abstract services on top of the physical grid.
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Figure5. 2: OGSA architecture. [42]

Web Services layer: The second layer in the OGSA architecture is Web Services.
Here is an important tenet of OGSA: All grid resources -- both logical and physical -are modelled as services. The Open Grid Services Infrastructure (OGSI) specification
defines grid services and builds on top of standard Web Services technology. OGSI
exploits the mechanisms of Web Services like XML and WSDL to specify standard
interfaces, behaviours, and interaction for all grid resources. OGSI extends the
definition of Web Services to provide capabilities for dynamic and manageable Web
Services that are required to model the resources of the grid.

OGSA architect grid services layer: The Web services layer, with its OGSI extensions,
provide a base infrastructure for the next layer -- architected grid services. The Global
Grid Forum is currently working to define many of these architected grid services in
areas like program execution, data services, and core services. Some are already
defined, and some implementations have already appeared. As implementations of
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these newly architected services begin to appear, OGSA will become a more useful
service-oriented architecture (SOA).

Grid applications layer: Over time, as a rich set of grid-architected services continues
to be developed, new grid applications that use one or more grid architected services
will appear. These applications comprise the fourth main layer of the OGSA
architecture.

OGSA enhances Web Services to accommodate the requirements of the grid. The
convergence of Web Services and the grid addresses the implementation and
management of services-oriented infrastructure.

5.4 Summary
This chapter introduces the concept of services-orientated infrastructure and its
enabling technologies, Open Grid Service Architecture. In this paradigm, the whole
system is constructed with services as the building blocks, which are autonomous,
platform-independent computational elements that also have the capability of
communicating with each other across networks. The IT resource is represented by
the form of service and can be consumed in the same way as electricity and water.
Even business executives with scant programming knowledge are able to use services
to compose and improve business process. Web Services are considered to be the
ideal underlying technology to implement the service. However, Web Services does
not address overarching concerns such as management, service orchestration, service
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transaction management and coordination, security, and other concerns that apply to
all components in a service-oriented infrastructure. This situation leads to the
convergence of Web Services and grid technology that result in the Open Grid Service
Architecture, which makes the functionality of the grid accessible through Web
Service interfaces.

Chapter 4 and chapter 5 work together to draw a full picture of how Web Services
will become an important part of IT infrastructure for education providers. Not only
could Web Services be used as the glue for integrating heterogeneous systems, but
they could also lead to a new way of consuming IT resources. Web Services will
significantly change the method of developing, using and maintaining e-business
applications. As Larry Perlstein, the Gartner Group Vice President and research area
director said, “Now you've got a set of technologies that are flexible to support doing
business the way you want to do it.”[67] Until now, this research has explained why
and how Web Services will become an important technical part of IT infrastructure
for education providers. In the following chapter, a practical demonstration will be
undertaken to demonstrate the possibility of applying Web Services in the real world
and introducing an effective approach to designing a Web Services-based application.
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Chapter 6 An effective design approach and practical demonstration
6.1 Introduction
This chapter provides a practical demonstration that simulates a real world e-business
solution in the education area. The purpose of the demonstration is to show the
possibility of applying Web Services in the real world as well as introducing an
effective approach -- the Patterns for E-business -- of designing a Web Services-based
application.

As Web Services are often considered as one type of service-oriented architecture, the
key to designing a Web Services-based application is to properly design the services
and the interaction between them. Components are the best way to implement services,
though one has to understand that an exemplary, component-based application doesn’t
necessarily make an exemplary service-oriented application. Service-oriented
architecture implies an additional layer on top of the components. Thus, a Web
Services-based application can be layered in three levels, including the service level,
component level and object/class level. Patterns for E-business could be used to break
down e-business solutions into services and components.

After a brief introduction to Patterns for E-business in Section 1, Section 2 provides a
layering model for the design of a Web Services-based application and discusses how
Patterns for E-business can contribute to this design model. Section 3 uses a
demonstration to illustrate how to use Patterns for E-business in practice. This
example simulates a practical e-business scenario that makes sense to many education
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providers. In addition to being an example of using Patterns for E-business, this
demonstration illustrates the possibility of applying Web Services to practical
e-business solutions. Finally, Section 4 displays a screen shot of the running practical
demonstration.

6.2 Introduction to Patterns for E-business
IBM has compiled the collective wisdom and experience gained from more than
20,000 successful Internet-based engagements and transformed that wisdom into the
IBM Patterns for E-business. These are a set of reusable architectures that help reduce
risk, shorten time to market, and generate a more significant return on investment.

The complete tree of patterns is composed of the business pattern, integration pattern,
application pattern and runtime pattern. A composite pattern combines multiple
business and integration patterns to address a larger set of common requirements. The
business patterns are the high-level patterns used to establish the primary business
purpose of any solution. Integration patterns focus on integrating the individual
business patterns to satisfy the full e-business requirements. However, the integration
is actually done at the application pattern level for each business pattern. Application
patterns are used to model business patterns into computer-based solutions. The
runtime patterns are used to define the logical software structure supporting the
application patterns. Finally, a product mapping provides a concrete, computer-based
implementation for the business solution.
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Figure6. 1: Tree of Patterns for E-business. [43]

Just like those famous patterns for programming languages -- such as the design
patterns for Java -- Patterns for E-business addresses recurring design problems that
arise in specific design situations and presents solutions to them. These patterns help
us understand and analyse complex business problems and break them down into
smaller, more manageable functions that can then be implemented using lower level
design patterns.

6.3 Using Patterns for E-business to design business processes and service
architecture
(1) Layering the design model of Web Services applications
Appropriate effort in the design of business processes and service architecture is
needed in order to exploit the potential of Web Services effectively. A service
employs a higher-level abstraction of logic, functionality or access to a resource, and
is defined by the interface it exposes. In service-oriented architecture, the system is
made up of many services that can themselves be composed of other services. Thus,
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the key to applying Web Services in practice is to define what the particular service
does, who provides it, who consumes it, where the service is located, and how to
access the service.

In an e-business solution, services are hidden in the business process. It is therefore
necessary to break down business processes in order to specify services. Once
services are specified, the next step is to convert them into computer-based
components and use objects and classes to implement them. This requirement gives
rise to Patterns for E-business -- best practices abstracted by IBM that help us
understand and analyse complex business problems and break them down into smaller,
more manageable functions that are the basis of services. However, the contribution of
Patterns for E-business is limited to a services and component level.

A service is generally implemented as a course-grained, discoverable software entity
that exists as a single instance and interacts with applications and other services
through a loosely coupled (often asynchronous), message-based communication
model.

[49]

Aligning the services-oriented architecture to an e-business solution

requires viewing the business process as a composition of services in defined order.
These services can be implemented as computer-based components that operate
together to perform specific tasks.

Services-oriented architecture implies an additional layer on the top of components.
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Such a Web Services application can be layered at the services level, component level
and object/class level. Effectively exploring Web Services requires an appropriate
effort in the proper design of all three levels. These layers address design problems
from abstract high-level to concrete low-level. The service layer defines the behaviour
and dependency of services in a business process. The component layer defines the
interface and interaction of computer-based components. The object/class layer
provides concrete implementation of those components.

Figure6. 2: The SOA layering design model.

(2) The contribution of Patterns for E-business
Patterns for E-business are used for high-level design instead of concrete
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implementation. They can be applied to designing the service and component layers
through breaking down complicated business solutions into services and components.
Figure 6.3 illustrates this approach. Business patterns and integration patterns are used
to model business solutions into proper business processes and services. Application
patterns and runtime patterns are used to convert services into computer-based
components.

Figure6. 3: Using Patterns for E-business to define services and components.

6.4 The design of the demonstration
(1) Business context
The University of A incorporates with an IT professional certification company -72
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CPT (Computer Professional Training, Ltd) -- to provide more choices for students.
The university allows CPT to provide IT certification courses as a complement to
regular degree courses. The students can select these certification courses on campus.
However, the study record of the certification course is stored in the separate CPT
database instead of the student information system of the university itself. The
phenomenon of cheating by providing fake certifications or qualifications is
increasing in the highly competitive job market. In order to verify the applicant’s
information, the job agent would prefer to see the data from the original resource.
Thus, the job agent requires an automated business process to populate the student’s
portfolio from the separated original resources via the Internet.

(2) The proposed project
It is required that job agents seamlessly integrate these original resources. However,
the distributed information resources and heterogeneous computing environment
hinders the integration of job agents and distributed resources.

For each job agent, there are distributed information resources. From the perspective
of job agents, it is unacceptable to build up the connection with every information
resource. The alternative is that there is an information broker that can populate the
information from distributed resources and then provide an integrated result to job
agents. However, there exist two heterogeneous computing environments in both sides
of the business process. Both the applications of job agents and information resources
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are implemented by different programming languages, running on different operating
systems and platforms, and applied with different communication protocols. These
heterogeneous computing environments make the integration very difficult.

Thus, in order to integrate these two heterogeneous computing environments, the
information broker should provide a standard interface for job agents while the
distributed resources should provide a standard interface for the information broker.
Consequently, Web Services are seen as integration glue for the implementation of the
information exchange between job agents and distributed resources. As a result, a
project is proposed to develop for the information broker a Web Services interface and
wrapper for resources distributed as Web Services. However, the proper design of
services and components is necessary for applying Web Services into this project.

(3) Practical process of using Patterns for E-business
This example illustrates a process of using Patterns for E-business to break down the
E-business solution on a service level and component level. This first step is to build
up an overview solution diagram to represent the E-business solution. (See figure 6.4)
Business patterns are high level constructs used to establish the primary business
purpose of any solution. They define major objectives, high-level participants, and the
nature of interactions between participants. The Extended Enterprise business pattern,
also known as the Business-to-Business pattern, addresses the interactions and
collaborations between business processes in separate enterprises.

[48]

From the

perspective of the job agent, the proposed project is a single entity, although it
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consists of separated participants. The information exchange of this project occurs
between job agents and this single entity, so an extended enterprise pattern is
appropriate to this business solution. (See figure 6.5)

Figure6. 4: Overview Solution

Figure6. 5: Business Pattern: Extended Enterprise pattern.

In figure6.5, the information broker and its separate data sources are seen as a single
entity. The data exchange that occurs between them is invisible to the job agent.
Therefore, information broker and these data sources can be considered as a single
business party from the perspective of the job agent. And the extended enterprise
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pattern is used to design this solution.

Integration patterns are used within business patterns to support more advanced
functions. They are observed in scenarios that need to integrate multiple applications,
access models, and sources information. In the domain of this project, distributed data
resources play a logical role as internal backend applications, although they are
actually distributed over the Internet. So, the application integration pattern can be
applied to this case.

Figure6. 6: Integration Pattern: Application Integration pattern.

Application patterns and runtime patterns help refine business patterns so that they
can be implemented as computer-based solutions. They convert logic services into
concrete computer-based components. Then, the interface and interaction between
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components can be defined.

Figure6. 7: Application pattern: Exposed business services for Extended Enterprise pattern. [50]

The backend applications that represent these data resources are shown in the upper
half of figure 6.7. The information broker will be implemented as an exposed business
services tier. Via this application pattern, the developer can transform the concept
solution into a real application.
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Figure6. 8: Application Pattern: Data Propagation for Application Integration pattern. [50]

In figure 6.8, the “Data Propagation” Application pattern indicates that these two data
resources (CPT and University) are existing application nodes - there is no need to
modify them. However, the information broker contains new code so that it can gather
data from these two data resources.
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Figure6. 9: Runtime pattern for Application Pattern: Exposed Business Services. [50]

Figures 6.9 and 6.10 are runtime patterns for this solution. In the runtime pattern, the
involved parties are defined as software components and services. Also the interface
between them is defined. In figure 6.10, the data resource is described as a database
system, and the information broker needs the adapter to interact with the data
resource.
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Figure6. 10: Runtime Pattern for Application pattern: Data Propagation. [50]

Until now, the services and components of this e-business solution have already been
defined. The locations of components and interactions between them have been
defined as well. The integration points between components and what kind of
integration they are have been found. There are two integration points in this
e-business solution, the integration between information broker and data resources
and the integration between job agent and information broker. Although one is for
enterprise application integration (Pattern of Data Propagation) and the other is for
B2B application integration (Pattern of Exposed Business Services), both of them
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involve heterogenous applications. Thus, it is reasonable to choose and implement
Web Services.

This demonstration displays how to use Patterns for E-business to break down
business processes into proper services and components. It reveals where integration
points exist and what kind of integration they are. The developer hence can easily
decide where and how to apply Web Services.

6.5 Practical implementation of the demonstration
As the practical implementation of this demonstration is not the focus of this research,
this section only provides a brief diagram of the component structure and some screen
shots of the running demonstration.

Figure6. 11: Overview implementation of the demonstration.
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The following screen captures display this running demonstration.

Figure6. 12: Input page.

This is the user interface of the job agent’s application where job agents can lookup a
student’s information by his ID. After student ID input, the job agent’s application
sends a SOAP message that contains the student ID to broker of the Web Service. The
broker of the Web Service takes charge of forwarding the student ID to the CPT Web
Service and the UNI Web Service, combining the results returned together and
returning them to the job agent’s application.

The console output displays the working sequence of this demonstration. Four parties
involved in this demonstration can cooperate together via Web Services. It can be seen
that the job agent application first call the broker, then the broker calls the data source
applications. Through Web Services, data source applications return data to the broker,
then the broker sends processed data back to the job agent application. All function
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calls and data exchanges are done though Web Services. The results pages display the
final student portfolio consisting of data from two separate resources.

Figure6. 13: Console output.

“U call broker service” means that the job application sends a function call to the
broker. “U in CPT Service” means that the CPT application starts responding to the
function call from the job agent application. “Broker has got result from CPT” means
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that CPT has already retrieved data and sent back to broker. “U in the UNI service”
means that the UNI application starts responding to the function call from the job
agent. Finally, the broker combines data from two data sources and sends this back to
the job agent application.

Figure6. 14: The result of the demonstration.

In this demonstration, several distributed applications act together to perform a task,
and are chained through Web Services. They don’t need to worry about the data
format, programming language or communication protocol. This demonstration
reflects a trend that future information services will be provided by distributed
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applications rather than a monolithic server.

6.6 Summary
This chapter introduces Patterns for E-business and uses a practical demonstration to
explain how to use patterns to design a Web Services application. This chapter
provides a layering model of the design of a Web Services-based application. A Web
Services-based application could be layered at service level, component level or
object/class level. According to this model, designing a Web Services-based
application requires breaking down the business solution into proper services and
converting them into computer-based components. Patterns for E-business provide an
easy and fast way to complete this task. The demonstration simulates a student
portfolio inquiry system. The process of designing illustrates how to use Patterns for
E-business to design proper services and architecture quickly and easily. In addition,
this demonstration also shows the possibility of applying Web Services in the real
world. In this demonstration, four parties are connected through Web Services. They
work together to perform a task of information collection and aggregation. In such a
context, there is no centre server or a master application. Each unit is a service for
others as well as a customer from other services. This scenario reflects a trend that
information can flow freely and streamlessly from peer to peer without being
subjected to specific servers or applications in the future. As a result, information will
be obtained and published more easily and at less cost.
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Chapter 7 Overall Conclusion
In order to improve services and maintain competence in the market, education
providers are required to become the following kind of enterprise: An enterprise
whose business processes—integrated end-to-end across the company and with key
partners, suppliers and customers—can respond with speed to any customer demand,
market opportunity or external threat. This kind of e-business requires an
interoperable and flexible enterprise IT infrastructure that can be easily integrated
with internal and external applications and can be modified according to changes.
However, there are flaws in the current integration model, including strong
dependence between components, reliance on proprietary technologies, and lack of
standards reducing the interoperability and flexibility of IT infrastructure. It takes lots
of work to make and maintain these connections -- and to monitor and troubleshoot
the morass of resultant breakpoints and dependencies that leave multiple pain points
where interactions can break down and careful maintenance is required.

Web Services are at the core of what is being termed the next generation of e-business.
Web Services offer an open-standard-based and loosely coupled integration model.
From the perspective of technology, Web Services facilitate an application or system
to collaborate with another application or system regardless of how the applications
are implemented, regardless of where they are implemented, or on which platform
they are implemented. From the perspective of business, Web Services enable
organizations, partners, customers, and other members of the extended enterprise to
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streamline their respective business processes, creating new opportunities for
interaction.

Web Services eliminate most of the work and management overhead of system
integration; in fact, they move network computing one giant step closer to the point at
which the concept of systems integration, as we know it today, is obsolete. They
enable fast, inexpensive development of dynamic e-business applications that support
changing business models, and enable entirely new business models. As such, Web
Services technology has the potential to afford early adopters huge competitive
advantages — and pose a threat to the market position of organizations that fail to
adapt.” This is the reason that Web Services will become an important part of IT
infrastructure for education providers.

In Chapters 3 and 4, this research investigated how Web Services would become an
important part of IT infrastructure in the short and long term. Currently, education
providers can use Web Services to modernise legacy systems online, create a unified
digital campus though campus portals, and build up a Web Services-based learning
objects repository. Web Services can be used as the wrapper, standard integration
middle layer, and universal interface. Web Services simplify and speed up these tasks
that were previously very time consuming.

However, the full potential of Web Services is not covered in those scenarios
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mentioned above. As Web services become more popular and widely adopted, they
are likely to lead to a scenario where services-oriented architecture, advocated for
many years, finally becomes a reality. IT resources will be able to be used in a more
flexible and effective way than they have ever been before. Web Services are the
underlying technology for implementing specific services while grid technology
addresses the management, security and communication issues. The convergence of
Web Services and grid technology gives rise to the proposal of OGSA – Open Grid
Service Architecture – that is the enabling technology of service-oriented
infrastructure. Although this technological vision is still in its infancy, it will lead to a
revolution in e-business. Web Services will become an important technical part of
education providers’ IT infrastructure, and will provide a strategic advantage for those
who realize this early.

Finally, this research has provided a practical demonstration, showing the potential of
applying Web Services in the real world and introducing an effective approach to
designing a Web Services-based application. The key to designing Web Services
applications is in the proper design of business process and service architecture,
defining what the particular service does, who provides the service, who consumes the
service, where the service is located and how to access the service. A Web
Services-based application can be layered at the service level, the component level or
the object/class level. According to this model, designing a Web Services-based
application requires breaking down the business solution into proper services and
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converting them into computer-based components.

Patterns for E-business (IBM)

provide an easy and fast way to complete this task.

Web Services are continually expanding, with contributions from software vendors,
open standard organizations, and independent developers. Many new standards such
as ebXML (Electronic Business using Extensible Mark-up Language)
(ebXML Business Process Specification Schema)
Services Flow Language)
BPEL4WS

[59]

[58]

[56]

, XLANG

[57]

[55]

BPSS

, WSFL (Web

, (XLANG and WSFL have been absorbed into

) and OASIS Web Services Security

[60]

are added into the standard

stack of Web Services to address the issues of management, security and business
contracts, and so on. With those efforts, Web Services will become more powerful
tools for developing and maintaining enterprise IT infrastructure. Detailed research on
Web Services with those new features is beyond the scope of this thesis, but will be
undertaken in later research.
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